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Abstract 
In this paper a pedagogical introduction to some key concepts of the process of unification in modern physics is presented. 
Starting by the notions of space and time, so important in the history of the human thought and at philosophical level, the paper 
comes to the peculiar aspects of the current string theories, with indications for the teaching of this charming topics by primary 
school. Interesting considerations, emerging by the fascinating connections of these theories with topics such as the extra-
dimensions, will be also done. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Sakarya University. 
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1. Introduction 
Albert Einstein devoted the last thirty years of his life searching the so-called “unified field theory”, i.e. the 
theory that was supposed to unify the laws of gravity and electromagnetism, in order to allow a complete description 
of natural phenomena. His plan failed, but in no case it could be successful, because at that time there were many 
gaps in knowledge relating to the physical world. When Einstein embarked on his attempt of unification, only three 
elementary particles (electron, proton and photon) were known and only two fundamental interactions, 
electromagnetism and gravitation; the weak and strong nuclear forces were not yet been discovered (Di Sia, 2000). 
Currently the elementary particles are more than a hundred. The fundamental forces are today four and their 
unification has become one of the central objectives of the present scientific research. The methods of investigation 
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had a clear progress, but on fact the unification of gravity with the other three forces has not yet been satisfactorily 
realized. Physicists, however, believe that the right direction leading to the formulation of a final complete theory 
has been taken. Currently the two followed main ways are: 
 - the superstring theory; 
 - the quantum gravity (Rovelli, 2010). 
 In this work we will consider the first way. 
2. Space, time and theory of relativity 
Modern physics has born through two great revolutions: the quantum theory and the theory of relativity. The 
“special theory of relativity” appeared in 1905 in order to reconcile the apparent contradiction between the motion 
of material bodies and the propagation of electromagnetic phenomena. Its creator Albert Einstein replaced the 
concepts of “absolute space” and “absolute time” with the concept of “space-time”. Space and time remain two 
different types of quantities and are treated differently in the equations of relativity, but their connection exists and 
have deep and fascinating consequences. 
Einstein proved that time is “elastic”; the motion can determine the expansion or contraction of it. Each observer 
has its own time scale, which in general does not agree with those of others. The temporal variation increases for the 
value of the speed tending to the speed of light. In 1908, a few years before completing the “general theory of 
relativity”, Einstein assumed that gravity would change the rhythm of watches. The time depends on the place where 
a person is located, the rhythm of a clock is slower on the Earth’s surface than on a plane flying at high altitude, 
where gravity is weaker. 
Even space is elastic as time. The absolute simultaneity of events loses all meaning. The presence of the mass, 
which creates gravitational field, determines the curvature; the variability of the curvature indicates the 
“euclideicity” of the geometrical structure of space-time. The German theorist Karl Schwarzschild formulated the 
modern concept of “black hole”, used for understanding the key features of Einstein’s theory. A black hole is a 
region of space where gravity is so intense that nothing, not even the light, escapes from it. So all external objects 
tend to fall toward the black hole (Einstein, 2013). 
Considering the relationship between gravity and space-time, we can consider a black hole as surrounded by 
“layers of time”, where the time moves at a different rhythm. These layers also exist on earth, even if the difference 
between the bottom of the oceans and the highest peaks of the mountains is too small to give macroscopic evidence 
of this phenomenon. However, experiments with atomic clocks have occurred in every detail that situation. The 
experiments verified that the layers of time around a massive body are real.  
In general relativity, gravity is therefore “distorting” the geometry of space-time. The space is no longer “flat”, 
but “curved”. Where the force of gravity increases, time slows down and vice versa. In some stars the gravity is 
strong enough to lead to a significant slowing of time (Di Sia, 2014) (Fig. 1). 
 
 
Fig. 1. A representation of the curvature of space-time due to the presence of a mass, represented in this case by the Earth. 
12   Paolo Di Sia /  Procedia - Social and Behavioral Sciences  174 ( 2015 )  10 – 16 
This implies the separation from some concepts, such as the concepts of the “now”, which has not more a 
universal value. If two events, which take place in different places, appear simultaneous to an observer, may not 
appear so to other observers, without falling into a paradox. 
 With the non-Euclidean geometries the ideas of a “natural space” and “significantly evident space” fall; the line 
of continuity between “theory” and “sensitive evidence” breaks down. 
 The theory of relativity has not only radically challenged our images of “space”, “time”, “motion”, “matter”, by 
introducing a new image of the world, but it has been developed by general principles and therefore is particularly 
similar to philosophy (Di Sia, 2010 - Di Sia, 2013 - Di Sia, 2014).  
3. The theory of superstrings 
Modern physics is based on two pillars: 
 - Albert Einstein’s general relativity, which explains very well the behaviour of big objects (stars, galaxies, 
clusters of galaxies, etc.) present in the universe; 
 - Quantum mechanics, whose initiator was Max Planck, provides the knowledge of the atomic and subatomic 
world (molecules, atoms, electrons, quarks, etc.). 
These two theories enabled a remarkable progress of physics in the last century, but present however a big 
problem: they are not mutually compatible.  
Physicists can avoid often this incompatibility, because the field of investigation of the two theories is very 
different:  
 - when there is the need of studying small and light objects, quantum mechanics is used, without worrying about 
what relativity says;  
 - when there is the need of studying large and heavy objects, the laws of general relativity are used, without 
consideration on the other theory. 
 In recent years the situation has changed; the study of particular objects in the universe, such as “black holes”, 
which are heavy but have also quantum characteristics, requires the simultaneous application of the two theories (Di 
Sia, 2001). 
The various attempts for building a unified theory, which take into account all forces of Nature, led to the theory 
of superstrings, able to reconcile quantum mechanics with general relativity. It would explain the behaviour of 
matter, of forces holding together the material objects, and perhaps also of space and time (Rovelli, 2010). 
The new theory appeared in 1968 by an observation of the Italian physicist Gabriele Veneziano, at that time a 
researcher at CERN in Geneva. His insight was to assimilate the elementary particles to vibrating wires, called 
“strings”, rather than to “point-entities” with no internal structure, which are giving problems of mathematical 
nature (the presence of the “infinite” in the calculation) in the process of unification.  
Strings are infinitely short and thin wires, so that would be invisible even if they were examined by billions of 
times more powerful instrumentation than those currently available; strings are billions of billions of times smaller 
than an atomic nucleus and with zero thickness. These structures have dimensions of the order of the so-called 
“Planck length”, about 1,6.10-35 meters, but which are stretched with a incredibly big force, up to 1039 tons (Di Sia, 
2013). 
This enormous stretching determines the frequency of vibration; increasing it, greater is the mass of the 
associated particle and consequently greater is the force of gravity that this particle exerts on the others. This is the 
central point making the superstring theory as the link between the gravity (described by general relativity) and the 
structure of elementary particles (described by quantum mechanics). 
 The modes of vibration of these thin and very short one-dimensional, open or closed wires (Fig. 2), generate all 
elementary particles constituting our universe, in a similar way as a more or less stretched violin string, which 
generates an infinite number of musical tones. 
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Fig. 2. A point-like particle (1), an open string (2), a closed string (3), and their evolution from an initial state A to a final state B. 
The prefix “super” has been added to the superstring theory, when it has discovered that the theory obeys to a 
particular symmetry, called “supersymmetry”, i.e. for every particle of matter corresponds a particle of strength and 
vice versa (Fig. 3). 
 
 
Fig. 3. Particles and supersymmetric partners, provided by the “supersymmetry”. 
The elementary particles are divided into two big families: 
 - Fermions, by the name of the Italian physicist Enrico Fermi; 
 - Bosons, by the name of the Indian physicist Satyendra Bose. 
The particles of matter (such as electrons and quarks) belong to the first family; the particles mediating the force 
(such as photons and gravitons) belong to the second one.  
Supersymmetry says that every known particle has a “super-partner”, i.e. a “supersymmetric” partner, which has 
a similar behaviour; these new particles are named also “sparticles”. 
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4. The M-theory 
The superstring theory includes on fact five variants, called “type I”, “type IIA”, “type IIB”, “heterotic O (HO)” 
and “heterotic E (HE)”; they involve 10 space-time dimensions. There is also the “bosonic type”, which involves 26 
space-time dimensions (Fig. 4). 
 
 
Fig. 4. A summarizing table of string theories, with the main features (Web page 2). 
The five kinds of theory also show some substantial differences. They differ in the way of incorporating the 
supersymmetry and for the shape of strings: the “type I” theory, unlike the others, provides for the presence of open 
strings (i.e. with free ends), as well as “ring-closed” strings (Fig. 2). 
 Six of the ten dimensions are invisible, being tightly curled on themselves, compactified on forming particular 
spaces, associated with each point, called Calabi-Yau spaces (Di Sia, 2006) (Fig. 5).  
 
 (a)    (b) 
Fig. 5. (a) A two-dimensional representation of a Calabi-Yau space in six dimensions (Web page 1); (b) Calabi-Yau spaces associated with each 
point of our traditional space. 
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The addition of hidden dimensions may seem a strange and undetectable fact; on the contrary, it is a good 
supposition, being useful to provide a clear description of the physical world. 
 In 1995 the theoretical physicist Edward Witten discovered that the five superstring theories are intimately 
connected, so that they can be grouped into a single conceptual framework, named “M-theory”, where “M” is 
associated to many meanings, including “mother”, the mother of all theories. This new discovery could lead to the 
long-awaited “Theory of Everything” (TOE), but many of its properties have not been fully understood. 
The M-theory exhibits some additional features, compared to those present in superstring theories: 
     1) it postulates that the dimensions of space-time pass from 10 to 11; the presence of an additional dimension 
allows to carry out exact calculations, not with approximations as previously; 
     2) it contains, in addition to one-dimensional structures (strings), also other elements that can be extended in 
several dimensions; these objects are defined “branes” (the term derives from “mem-branes”). Using this new 
original terminology, strings are called “1-branes” (one-dimensional objects), but there are also “2-branes” (two-
dimensional surfaces), “3-branes” (three-dimensional objects), and in general multi-dimensional objects, called “p-
branes” (p-dimensional objects). Because of the presence of these more extended objects with respect to string, M-
theory is also called “theory of membranes” (Di Sia, 2005) (Fig. 6). 
 
  
Fig. 6. New objects appearing in M-theory, the p-branes. 
3) it is in connection with one of the most important human problems, i.e. the origin of the universe (Di Sia, 
2001). The currently most widely accepted scientific theory, the Big Bang Theory, says that the universe, in the first 
moments of its existence, was incredibly small in size but at the same time extremely dense and hot. For the 
scientific analysis of such extreme conditions, it needs a quantum theory of gravity. The superstring theory seems 
able to give a convincing answer and a solution to this problem. 
Based on the results of string theory, some new cosmological models have been developed; one of that states the 
existence of a “cyclic universe”, without a beginning and without an end in time, subjected to a never ending 
succession of contractions and expansions. It would be confined within two 3-dimensional membranes (we can 
imagine two identical flat and parallel sheets), evolving in time (i.e. in the 4th dimension) and fluctuating in a 5th 
dimension where there is the force of gravity, while the other 6 dimensions would be small and rolled within the 
texture of space (Di Sia, 2004). 
 
5. Interesting pedagogical considerations 
 
Themes and concepts considered in the previous paragraphs open the way to interesting cross activities, starting 
by the primary school. In particular, possible focus-points can be: 
1) the concept of “space” as exploration of the “in-“ and “out-self”; 
2) the connection with the spatial orientation and with the basis background of geometry and measurement; 
3) the finite and infinite extension of space (Di Sia, 2013); 
4) the number of dimensions, the idea of dimensionality in general, growing in abstraction with increasing age, 
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connected with geometry (Reichenbach, 1957 - Di Sia, 2014);  
5) the concept of time as flow; 
6) the awareness of the triangle past – present – future (Piaget, 1986); 
7) the different types of time (relative time, absolute time, “elastic” time, inner time) (Casasanto, Fotakopoulou, 
& Boroditsky, 2010 - Polya, 1973); 
8) the way towards new amazing scenarios, opened with the theories of everything, such as the superstring 
theories: 
- the extra-dimensions; 
- points as spaces with dimensionality (Calabi-Yau spaces); 
     - the time travels,  
- the multiverse,  
- the discrete nature of space-time,   
fascinated scenarios for humans at all ages (children, youngs, adults, seniors) (Di Sia, 2011). 
 
6. Conclusions 
 
Current research has not yet arrived to the formulation of a general principle that organizes and understands the 
individual parts of string theories. In every case, these topics are amazing and open the way to interesting 
possibilities of pedagogical reflections by the primary school.  
Another fundamental question concerns the nature of space and time, what they really are, useful artifices for 
describing the relations among the points of the universe or something real when we are really immersed.  
Pedagogy and philosophy can get profit from these questions, touching the roots of man and the deeper meaning 
of the existence. 
The importance of the involved concepts and their bond with deep aspects of contemporary mathematics makes 
this study one of the most fascinating challenges of contemporary science, helps to think and can be used as an 
important starting point of the mathematical and logical growth of children by primary school. 
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